In this paper, the integrated nuclear model is introduced and a binding energy formula based on this model is presented. The binding energies of most nuclides in this model are compared with available experimental values and also with values from the liquid drop model (LDM).
INTRODUCTION
One of the purposes of the nuclear physics is to introduce the proper mathematical models from which the properties and the behavior of nuclides can be explained. One of the outstanding features of the nuclides is the fact that their nuclear density is approximately constant. Therefore, the volume of nuclide is proportional to the mass number A. The same proportionality holds for liquids and one of the early fundamental nuclear models presented by Carl Friedrich Von Weizsäcker [1] and developed by Niels Bohr and John Archibald Wheeler [2] was based upon liquid drops. Nuclides are considered as incompressible liquid drops with enormous density. Based upon the fact that average binding energy per nucleon and the nuclear density are constant, Weizsäcker was able to present his liquid drop model with the following basic assumptions:
1) The nuclides are made of incompressible matter so that R ∼ A 1/3 (R is the mean nuclear radius).
2) The nuclear force is the same for each nucleon.
3) The nuclear force saturates. The liquid drop model led to the famous semi-empirical mass formula from which the dependency of nuclear mass upon A and Z is given [3] . First, the nucleus is considered as a collection of interacting particles like a liquid drop. And then, the Coulomb force, the Pauli exclusion principle effect and other details are added to the model as corrections andˇnally the following formula is derived for nuclear binding energy:
In the liquid drop model, nucleons are not described individually. They are considered as averaged values, therefore this model has been successful in describing some properties of nuclei such as average binding energy per nucleon, whereas for other nuclear properties such as nuclear excited states, magic numbers and nuclear magnetic moments it has not so much to present.
The nuclear properties can be described simply in terms of free particles behavior instead of strongly interacting particles as viewed in the liquid drop model. If nuclide is considered as a degenerate Fermi gas of nucleons (Fermi gas model), then a nuclear free particle model is obtained. In this model, it is assumed that nucleons are freely (except under the Pauli exclusion constraint) moving within a nuclide with radius R = R 0 A 1/3 . Using the quantum tunneling theory and Pauli exclusion principle, one canˇnd the average kinetic energy of the nucleons within the nuclide as follows:
In contrast to the liquid drop model and Fermi gas model in which the macroscopic properties of nuclei are presented, the nuclear shell model [4Ä6] deals with the microscopic properties of nuclei. The nucleons as free particles moving in a spherical potential and also the Pauli exclusion principle intensively limit the interaction between the nucleons. Such a consideration in the shell model provides orbits with approximate stability and dened energy levels. The fundamental assumption in a nuclear shell model is the independence of nucleon motions (free particles) regardless of the existence of strong attractive force between the nucleons. With these assumptions it is predictable that such a model is able to describe nuclear microscopic properties such as excited states energy, magic number and nuclear magnetic moments, but it is impotent to provide a nuclear binding energy formula.
In this paper, it is attempted to present an integrated new nuclear model and a new formula for binding energy of most nuclides based upon intuitive assumptions that will be presented in the next section.
NUCLEAR BINDING ENERGY IN INTEGRATED NUCLEAR MODEL
In general, the total mass of nuclei (Z, N ) is less than the sum of the masses of its constituent particles, namely, protons and neutrons. This mass difference is deˇned as nuclear binding energy. In 1966, G. T. Garvey and I. Kelson presented a formula for the nuclear binding energy [7, 8] . Since the nuclear energy possesses saturation property, therefore it is possible for the mass difference between two neighboring nuclides of (Z 0 , N 0 ) and (Z, N ), namely, M (Z, N ) − M (Z 0 , N 0 ), to be expanded as power series in terms of ΔZ = Z − Z 0 and ΔN = N − N 0 . Consequently, it is possible to write the following formula for the nuclear binding energy [9, 10] :
where the coefˇcients B 10 , B 01 , . . . are the partial derivatives of B(Z, N ) with respect to Z and N at (Z 0 , N 0 ). A good approximation is to neglect the second and higher order derivatives in series (3) . Then considering a linear relation for the binding energy, we will have the following two formulas:
The detailed mathematical derivation of (4) and (5) from (3) is given in references [9, 10] . Now we may use the mentioned models, namely, liquid drop, Fermi gas and shell models in addition to relations (1), (2) , (4) and (5) to express our fundamental assumptions in order to present a new formula for the nuclear binding energy:
1) The nuclear binding energy is of the order of about one percent of the energy of the total rest mass of the constituent nucleons [11] .
2) The nuclear binding energy is proportional to the volume of the nuclide (B ∼ A).
3) The nuclear binding energy depends upon the asymmetry between the number of protons and neutrons (specially in heavy nuclides) and also depends upon the Coulomb repulsion force between protons.
According to formulas (4) and (5), the binding energy equation can be expressed as a function of N , Z, N + Z and N − Z (where f and g are arbitrary functions). We have chosen only the linear ones and ignored the higher orders. In order to present a formula consistent with the experimental binding energy data, our binding energy is expressed in a combination form, namely, Eq. (6), in such a way to observe the nucleon asymmetry and the Coulomb corrections much simpler than the way that is presented in the liquid drop model. From the conditions of relations (4) and (5), it is noticed that the binding energy is proportional to both (N + Z) and (N − Z). Therefore, a term (N 2 − Z 2 )/3Z appears for the nucleon asymmetry and the Coulomb correction in the third assumption.
Based upon the above assumptions, the following formula is presented for the nuclear binding energy of all elements:
where α is deˇned as an adjusting coefˇcient, α = 90 − 100, and will be explained in the next section, and δ stands for nuclear beta-stability line condition and is deˇned as follows:
In the Table the nuclear binding energies for all nuclides are given by using formula (6) and have been compared with the results of LDMs and with experimental results. The nuclear binding energies per nucleon obtained by using formula (6) are in good agreement with the existing experimental data and also with LDM for all mass numbers as shown in Figs. 1Ä3. 
DISCUSSION AND CONCLUSION
The adjusting coefˇcient in binding energy formula (6) may be attributed to ourˇrst assumption, namely, the nuclear binding energy is of the order of about one percent of the energy of the total rest mass of the constituent nucleons which implies that we have room for limited approximation which includes microscopic corrections, for example, one has to do with the deˇned nuclear region [12] in which the density remains constant. In other words, it is assumed that in about 10 percent of outer nuclear region the density is no longer constant and falls rapidly and is ignored in the integrated model. The other has to do with the quark distribution inside the nuclides as stated in the quark plasma nuclear model [13Ä15] due to the fact that each nucleon is made of 3 quarks and existence of a new three-fold symmetry in this model. Attention should be paid to the fact that for A < 5 such as 4 2 He and 3 2 H the factor 3 in the second term of binding energy equation (6) changes to 1 and for other light nuclei our given formula needs minor correction due to the fact that for these light nuclides at least two nucleons should participate and the spherical distribution of the nucleons inside the nuclide changes, the problem that exists in other models too.
The semi-empirical mass formula (1), based upon only liquid drop model contains at leastˇve terms to be calculated, whereas in our formula (6) only two terms are calculated. Careful consideration of the Table and Figs. 2 and 3 reveals the meaningful accuracy of our integrated model compared to the liquid drop model with respect to experimental data (Fig. 1) . Special features of the experimental diagram such as having maximum value for Fe and its local extremums coincide with the calculated values from formula (6) . The binding energy formula (6) is extracted from various existing models and that is why it is called integrated model. In this model the constituent nuclear particles are considered ®free¯in a dense plasmatype media. It is interesting that in such a plasma model of nuclei, based on a statistical view, all magic numbers and the new magic number, namely, 184, are also obtained with no spherical potential and spinÄorbit coupling assumptions [13, 14] . Here attempts are made to conceptualize an integrated nuclear model capable of providing all nuclear characteristics such as binding energy per nucleon, magic number, excited states and magnetic moments. Such concepts may lead us to understand a realistic picture of nuclei.
We believe the results obtained from the integrated model are not only simple to understand but also more physical and relatively closer to the experimental data than other models. Other characteristics of nuclei are being studied in the framework of the integrated model in our group.
